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The resumption of meiosis in oocytes of the oyster, Crassostrea gigas, was 
artificially induced by the external application of a protease, pronase P. Meiotic 
changes in the oocytes incubated in sea water containing pronase P (1 mg/ml) were 
examined by immunofluorescence microscopy for tubulin-containing structures and 
chromatin. In the presence of pronase P the oocytes changed from the germinal 
vesicle stage or the first metaphase of meiosis to the pronuclear stage. 
Oyster oocytes spawned by the injection of serotonin were arrested at the first 
metaphase of meiosis (Osanai, 1985). To analyze the mechanism of meiosis resump-
tion, an attempt was carried out to search agents which artificilly induced polar 
body formation. Unexpectedly, we could observe the formation of polar bodies in 
oyster oocytes exposed to a protease, pronase P, for removal of the egg chorion. The 
present papar deals with meiotic changes in oyster oocytes incubated in sea water 
containing pronase P. 
MATERIAL AND METHODS 
Gametes 
The oysters, Orassostrea gigas, were collected near the Marine Biological Station, 
Asamushi, Aomori and kept in running sea water. Oocytes having the germinal 
vesicle (GV oocytes) were obtained by dissecting ovaries in acid sea water (pH 6). 
After filtered through the gauze to remove ovary fragments, the oocytes were 
sedimented with a hand centrifuge and the supernatant was aspirated off. The 
remained oocytes were rinsed three or four times with acid sea water to remove 
unripe oocytes which were cytolyzed in sea water. Acid sea water was used to avoid 
spontaneous germinal vesicle breakdown which occurs in ordinary sea water (pH 8) 
(0SANAI, 1985). 
A rtijicial induction of germinal vesicle breakdown 
GV oocytes were incubated in sea water containing 1 or 10 ,uM serotonin 
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(5-hydroxytryptamine) creatinine sulfate complex (Sigma Chemical Co.) for 40-90 
min. The oocytes underwent germinal vesicle breakdown and were arrested at the 
first metaphase of meiosis (metaphase I). These oocytes (the metaphase I oocytes) 
were used to examine the artificial induction of meiosis resumption. 
Cytology 
To detect neclei or chromosomes, some of oocytes were fixed in lO per cent 
formalin in sea water and stained in aqueous solution containing 10 ,ug/ml Hoechst 
33258. The stained whole specimens were mounted in glycerin. 
Immunofluorescence microscopy for meiotic figures was as follows. In order to 
stain the tubulin-containing structures in whole oocytes, it is necessary to remove the 
chorion (the egg envelope or the vitelline membrane) to allow antibodies to pene-
trate into the cytoplasm (KuRIYAMA et al., 1986). To remove the chorion, GV 
oocytes were exposed to 0.02 per cent trypsin in acid Ca, Mg-free sea water (pH. 6) 
containing 1 mM ethyleneglycol-bis-(p-amino-ethylether) N, N' -tetra-acetic acid 
(EGTA) for 10-20 min and then rinsed two times with acid Ca-free sea warer (pH. 
6) containing 1 mM EGTA (Ca-free EGTA SW). Pronase-treated oocytes were 
rinsed with acid Ca-free EGTA SW without trypsin-treatment, because the chorion 
was partially dissolved during pronase-treatment. 
After the rinsing with acid Ca-free EGTA SW, the oocytes were incubated in an 
extraction medium for 1-2 hrs and then fixed in cold methanol for 15 min. The 
extraction medium was as follows : 20 parts of glycerin were mixed to 80 parts of the 
solution consisted of 25 mM imidazol, 10 mM EGTA and 10 mM KCl (pH 6.9), and 
1/100 parts of Triton X-100 were added to the mixture prior to use. The fixed 
oocytes were rinsed with borate buffer saline (BBS) consisted of 162 mM boric acid, 
35 mM NaOH and 146 mM NaCl (pH 8.1), and adhered to polylysin-coated glass 
coverslip. After rinsing with BBS containing 0.05 per cent Triton X-100 (Triton 
X-BBS) the coverslip was incubated in BBS containing monochronal anti-tubulin 
antibody (mouse) (Amersham) for 1 hr at room temperature (28'C). The coverslip 
was then rinsed with Triton X-BBS for 60 min and stained with fluorescein 
isothiocyanate-labelled anti-mouse IgG (goat) (Tago Co.) for 60 min. After rinsing 
again with Triton X-BBS, the specimen was stained in BBS containing 0.05 mg/ml 
4', 6-diamino-2-phenylindol dihydrochloride (DAPI) for 20 min and then mounted 
on a glass slide with glycerin. Microscopic observations were made with a fluores-
cence microscope. 
RESULTS 
Germinal vesicle breakdown and polar body formation in sea water containing pronase 
p 
The time course of germinal vesicle breakdown and polar body formation in 
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Table l. 
Changes of oyster oocytes exposed to pronase P 
Initial Incubation Remarks Stage Time (min) 
GV stage1> 15 The GV disappeared in some oocytes. 
38 The GV disappeared in the majority of oocytes. 
The first PB was extruded in some oocytes. 
44 The first PB was formed in many oocytes. 
55 The second PB was extruded in some oocytes. 
60 The second PB was formed in many oocytes. 
77 The chorion disappeared. 
96 Oocytes adhered each to other, forming a clot. 
Metaphas p> 15 The first PB was formed. The chorion remained 
on the extruded PB. 
24 The second PB was extruded in some oocytes. 
47 The second PB was formed in many oocyts. The 
thin chorion slightly remained on the oocytes. 
. . 
1) GV oocyters were mcubated 1n sea water contammg 1 mgjml pronase P at 28 C . 
2) GV oocytes were incubated in sea water containing 10 JlM serotonin for 60 min. 
Almost all of oocytes underwent GV breakdown. The metaphase I oocytes were 
reincubated in sea water containing 1 mgjml pronase P. 
GV: Germinal vesicle. PB: Polar body. 
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oyster oocytes incubated in sea water containing 1 mM/ml pronase P is shown in 
Table 1. The germinal vesicle began to break after incubation for about 15 min. 
The first polar body and the second polar body began to be extruded about 40 min 
and 60 min after incubation, respectively. After incubation for 96 min the chorion 
disappeared and then naked oocytes adhered each other, forming an aggregate. 
This observation shows that pronase P induces not only germinal vesicle breakdown, 
bnt also meiosis. 
Resumption of meiosis 
Naturally spawned oyster oocytes are considered to be at the first metaphase of 
meiosis (W ADA and ARAKAWA, 1983; OsANAI, 1985). Oyster oocytes undergo 
germinal vesicle breakdown in sea water containing serotonin, but they are arreated 
at the first metaphase (OsANAI, 1985). The metaphase I oocytes resumed meiotic 
division in the presence of pronase P. 
GV oocytes were incubated in sea water containing 10 ,uM serotonin for 60 min 
and then resuspended in sea water containing 1 mg/ml pronase P.. The oocytes 
completed first polar body formation about 15 min after incubation and began to 
extrude the second polar body about 20 min after incubation (Table 1, Fig. 1). 
Cleavage was not oberved even after 2 hrs. 
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Fig. 1. Polar body formation in oyster oocytes placed in sea water containing pronase 
P. Metaphase I oocytes (pretreated with 10 ,uM serotonin for 1 hr) were incubated 
in sea water containing 1 mg/ ml pronase P. a: First polar body was formed, 18 
min after incubation. b and c: 21 and 23 min after incubation, respectively. 
The second polar body was formed. d, e and f : 46-48 min after incubation. The 
chorion almost disappeared. X 460. 
To examine available concentration of pronase, metaphase I oocytes (previously 
exposed to 10 ,u M serotonin for 90 min ) were incubated in sea water containing 
various concentrations of pronase P. Polar body formation was effectively induced 
by more than 125 ,ugj ml of pronase. The percentage of polar body formation in 1 
or 0.5 mgj ml pronase was lower than that in 250 or 125 ,ug/ ml pronase (Table 2). 
This may be due to the separation of extruded polar bodies from the egg surface, 
because the chorion was dissolved during the incubation with pronase. 
Table 2. 
Induct ion of polar body formation (PBF) with pronase P 
Concentration of 1 2- ' 2-2 2-3 2-• 0 pronase (mg/ ml) 
PBF(%) 10.6* 8.6* 17.9 17.8 0.8 0 
Metaphase I oocytes (preincubated in 10 ,uM serotonin for 90 min) were incubated 
in sea water containing pronase P for 2.5 hrs at 28' C. 
• The chorion disappeared. 
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Fig. 2. Fluorescence microscopy of meiotic changes in oyster oocytes. a and a' : 
Germinal vesicle stage. b and b' : The first metaphase. c and c' : The second 
metaphase. d and d' : After the completion of second polar body formation. 
a-d: Stained with anti-tubulin antibody. a' -d' : Stained with DAPI. Figures 
from oocytes exposed to pronase P (l mgj ml ) for 45 min. The bar indicates 10 
,um. 
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Fluorescence microscopy of meiosis 
It was difficult to determine exactly the percentage of polar body formation in 
living specimens, because polar bodies were invisible on the upper or lower surface 
and also separated from the egg surface after prolonged pronase-treatment. There-
fore, we tried to observed directly meiotic nuclei in fixed specimens. Metaphase I 
oocytes (previously exposed to 10 ,uM serotonin for 50 min) were palced in sea water 
containing pronase P and then fixed in 10% formalin in sea water. The fixed 
oocytes were stained with Hoechst 33258 and examined with a fluorescene micro-
scope. Various meiotic stages from the first metaphase to the pronuclear stage were 
observed. The meiosis-resumed oocytes, which showed the nuclear figures following 
the anaphase of the first meiotic division, were 31 ( 44.3%) in 70 oocytes examined. 
Changes of tubulin-containing structures in pronase-treated oocytes were obser-
ved by staining with anti-tubulin antibody. In GV oocytes the cytoplasm sur-
rounding the germinal vesicle was faintly stained. In the first and second meta-
phase oocytes, the spindle was intensively bright (Fig. 2b, c). Fibrous tubulin-
containing structures remained in extruded polar bodies (Fig. 2c, d). 
DISCUSSION 
The present examination shows that pronase P can induce not only germinal 
vesicle breakdown, but also meiosis resumption in oyster oocytes. In starfishes, a 
higher proteolytic enzyme activety is detected in the primary oocytes prior to 
germinal vesicle breakdown (JEFERRY, 1972). Starfish oocyte maturation is inhib-
ited by some inhibitors of proteolytic enzymes. The protease inhibitors are consid-
ered to suppress the production of cytoplasmic maturation-promoting factor, which 
induces germinal vesicle breakdown and subsequent process of meiotic maturation 
(KrsHIMOTO et al., 1982). These facts suggest that the increase of intracellular 
proteolytic activity is required for the initiation of germinal vesicle breakdown. In 
oyster oocytes, externally applied protease may stimulate the production of a factor 
inducing oocyte maturation, such as the maturation-promoting factor. In the 
present experiment, however, it was not ascertained whether externally applied 
pronase penetrated into the oocytes. 
An alternative explanation concerns the effect of pronase on the oocyte surface. 
The germinal vesicle breakdown of oyster oocytes is induced by the treatment with 
ion-deficient sea water, such as Na-free sea water, K-free sea water, Ca-free sea water 
orCa, Mg-free sea water (OSANAI, 1985). In Mytilus oocytes, Ca, Mg-free sea water 
containing ethylenediaminetetra-acetic acid and isotonic solution of non-electrolytes 
(urea, glycine and glucose) induces polar body formation. These agents seem to 
remove some structures or substances from the oocyte surface (TAMAKI and OsANAI, 
1985). The removal of a surface factor may result in the re-initiation of meiotic 
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maturation. 
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